Objective To examine the relationship between body composition-specifically fat mass (FM) and fat-free mass (FFM)-in early infancy, and mental health outcomes in early childhood.
newborn, 25, 26 leading to increased emotional and behavioral problems among children. 27 However, studies that found associations between newborn or infant weight and growth with emotional and behavioral problems relied on simple measures of anthropometric indices.
From the Infant Anthropometry and Body Composition birth cohort, 28, 29 and other cohort, 30 it has been shown that there is significant variability in fat and lean mass within a given weight at birth or in infancy, which is not captured by simple anthropometric measures. Moreover, it is not known how this variability influences associations between early growth and mental health outcomes in childhood. In this study, we examined the differential relations of fat mass (FM) and fatfree mass (FFM) during fetal life and infancy with mental health status at 5 years of age.
Methods
The Infant Anthropometry and Body Composition birth cohort was established and followed during early infancy and at 5 years of age in Jimma, Ethiopia. A total of 644 mother-newborn pairs were recruited at delivery. Pairs were excluded from the study if the family lived outside Jimma town, gave birth to a preterm infant or an infant with congenital anomalies, or an infant with a birth weight of ≤1500 g. Within 48 hours of delivery at the hospital, mothers and their newborn babies were examined for baseline information. Further details of the cohort and the setting have been published elsewhere. 28, 29, 31, 32 Baseline Measurement FM, FFM, birth weight, length, and head circumference of the newborn were measured as described elsewhere. 28 In short, FM and FFM were measured using a PEA POD (COSMED, Rome, Italy), an air displacement plethysmography method, which is an accurate and reliable method of body composition (BC) assessment. 28 Sex and birth order of the newborn were recorded. Maternal weight (in kilograms) to the nearest 0.1 kg and height to the nearest 0.1 cm, were measured after delivery using a Tanita 418 (Tanita Corp, Arlington Heights, Illinois) scale and a SECA214 stadiometer (SECA, Hamburg, Germany), respectively. Because only a few mothers in the study area had an ultrasound scan performed, the new Ballard score assessment method 33 was used to estimate the gestational age of the newborn. Family wealth index, 31 maternal age, and parental education were assessed using a structured questionnaire.
Follow-Up Measurements
During the follow-up at 1.5, 2.5, 3.5, 4.5, and 6 months of age, FM, FFM, weight, and length of the infant were measured with the same approach used for the baseline measurement. The same variables were measured again at 5 years of age. Childhood mental health status was assessed at 5 years of age using the Strengths and Difficulties Questionnaire (SDQ), parent version. 3 The SDQ has 25 items categorized into 5 different subscales: 4 subscales contributing to a total difficulties score and a fifth subscale to identify strengths. Each item has a response category from 0 to 2: 0 (not true), 1 (somewhat true), and 2 (certainly true). The SDQ subscales are emotional symptoms, conduct problems, hyperactivity/inattention, and peer relationship problems, and the strengths scale (prosocial behavior), each comprising 5 items with a maximum score of 10. Furthermore, SDQ can be categorized in to two groups as "internalizing" and "externalizing" scales; each with a maximum score of 20. The sum of conduct and hyperactivity subscales constitutes the externalizing scale, and the sum of emotional symptoms and peer problems constitutes the internalizing scale. Internalizing problems are characterized by anxiety, depression, loneliness, poor self-esteem, and suicidal behavior. Externalizing problems are characterized by presence of aggression, restlessness, stealing, cheating, and disobeying rules. The overall total difficulties score ranges from 0 to 40 and is computed by adding the scores for the 4 difficulties subscales. Higher scores on the SDQ scale are associated with a greater risk of mental health problems. 3, 34 An authorized Amharic version of the SDQ is available 35 and has shown good construct and convergent validity in the Ethiopian context. 34 Using the SDQ, the child's behavior over the last 6 months before the date of interview was assessed.
Maternal mental health status at the 5-year follow-up was assessed using the Kessler-6 (K-6) mental distress screening tool. 36, 37 The K-6 is a 6-item scale asking for the presence or absence of symptoms of mental distress during the last 1 month before the date of interview. It has a response options of 0 (never), (1) a little of the time, (2) some of the time, (3) most of the time, and (4) all the time. The K-6 has a score ranging from 0 (minimum) to 24 (maximum) mental distress score. The K-6 has also been validated in the Ethiopian context. 37 Family structure at the 5-year follow-up was collected by self-report.
Research staff training included a pilot test at the initiation of the study. Research staff met weekly to take corrective measures related to the data collection process. The PEA POD was calibrated daily, and ambient temperature was regulated. Only 4 clinical research nurses, all with significant research experience, were involved in collecting the SDQ data. Analyses were adjusted for data collector to control for any interpersonal variability between research nurses.
Ethical Considerations
Ethical approval was obtained from the research review board of the College of Public Health and Medical Sciences, Jimma University (reference RPO/56/2001). Mothers were only enrolled in the study if they gave informed consent. Transportation costs were reimbursed. Mothers and children who needed medical attention were linked to the psychiatric or pediatric unit of Jimma University Specialized Hospital.
Statistical Analyses
Data were double entered to Epidata 3.1 (The EpiData Association, Odense, Denmark) 38 and exported to STATA version 12.1 (StataCorp LP, College Station, Texas) for cleaning and analysis. Categorical variables were described as frequencies and percentages, and continuous variables were described using the relevant indicators of central tendency and spread (mean ± SD THE JOURNAL OF PEDIATRICS • www.jpeds.com Volume 200 • September 2018 or median and IQR). Outliers, normality, and multicollinearity were assessed. Using the lambda-mu-sigma method to derive percentile charts for birth to 6 months for FM and FFM growth, a linear growth pattern for 0-6 months was identified for FFM and a linear growth pattern for FM was identified for 0-4 months and 4-6 months of age, respectively. 29 Thus, summary rates of FFM accretion for 0-6 months and of FM growth for 0-4 and 4-6 months of age were predicted using a linear mixed effects model. The method is described in detail elsewhere. 39 For the outcome variable, the response ranging from 0 to 2 for each item assessing for difficulties were summed to obtain an aggregate total difficulty score ranging from 0 to 40. Those positively phrased items in the questionnaire were reverse coded during the analysis.
Linear regression models were used to evaluate the association between FM or FFM at birth and during early infancy (0-6 months) and SDQ score at 5 years of age. The estimate (b coefficient) and 95% CI were reported to describe the associations. Covariates were selected based on evidence from existing literature and the presence of biologically plausible relationships between the covariates and the outcome variable.
Covariates that change (affect) the estimate for the main exposure were included in the regression model.
Two sets of regression models were developed. The outcome variables for both sets of regression models were total difficulty (SDQ) score, internalizing problem score, and externalizing problem score. The first set of regression model contained FM or FFM as a main exposure adjusted for length, head circumference, sex, birth order, gestational age at birth, child age at the 5-year follow-up, maternal mental distress, presence or absence of grandmother living in the family, child living with or without biological parents, maternal age, parental education, and family wealth index. This initial set of regression models with the same covariates structure were repeated by switching the main exposure from FM or FFM at birth to maternal BMI at birth or birth weight of the newborn to examine if previously reported relations were also replicated in our study. Furthermore, we also used FM or FFM measured at the 5-year follow-up instead of FM or FFM at birth, as a main exposure to examine the relation when both the exposure and outcome variables measured at the same point in time.
Likewise, the second set of regression models contained a standardized rate of FM or FFM accretion during early infancy as a main exposure adjusted for standardized rate of postnatal growth in length, length and head circumference at birth, child sex, birth order, gestational age, child age at the 5-year follow-up, maternal mental distress, presence or absence of grandmother living in the family, child living with or without biological parents, maternal age, parental education, and family wealth index.
Owing to the exploratory nature of our study, we did not correct our models for multiple comparisons. Cutoff values are available for the SDQ to indicate probable emotional and behavioral disorders, but these cutoffs have not been validated in the Ethiopian context. Therefore, we present the mean SDQ scores.
Results
A total of 376 children were assessed for the outcome variable at the 5-year follow-up, of whom 350 (93.1%) had complete data on all covariates (Figure) . Background characteristics between children followed and not followed up at 5 years of age were compared and no differences except birth order were found ( Table I) . The mean total difficulty score was 10.4 ± 5.8, and it was 5.7 ± 3.4 for internalizing and 4.6 ± 3.7 for externalizing scores (Table II) .
Relationship between BC and SDQ Score
Birth weight showed no significant association with SDQ score. However, FFM at birth was a negative and FM a positive predictor of SDQ score among children at 5 years of age. Each additional kg of FFM at birth was associated with 3.94 points lower (b = -3.94; 95% CI, -7.04 to -0.83) SDQ score, after adjustment for neonatal and parental characteristics. Specifically, for each kilogram of FFM at birth, there was a 2.26 point lower (b = -2.26; 95% CI, -4.17 to -0.34) internalizing problem score. In contrast, for each kilogram of FM tissue at birth, the total SDQ score was 5.69 points higher (b = 5.69; 95% CI, 1.38-10.00) at 5 years of age. Specifically, for each kilogram of FM at birth, there was a 3.30-point higher externalizing behavior problem score (b = 3.30; 95% CI, 0.64-5.95) at 5 years of age. (Table III) .
There was no association between the standardized rate of tissue accretion for FM or FFM during early infancy and SDQ score at 5 years of age. However, the rate of FM accretion during early infancy (4-6 months of age) showed a positive association with externalizing problem score at 5 years of age (Table IV) .
Maternal BMI at birth was positively associated with SDQ score, whereas this was not the case for crude birth weight when each of these factors were included as a main exposure instead of BC at birth or in early infancy. Furthermore, when BC at 5 years of age was included as the main exposure instead of BC at birth, there was no association between FM or FFM and SDQ score at 5 years of age (data not shown).
Role of Covariates
Female sex was negatively associated with externalizing problem score and length at birth was positively associated with SDQ score and internalizing problem score. Living with nonbiological parents was positively associated with externalizing problem score. Greater maternal age (marginally associated), higher level of paternal education, and higher level of parental wealth index were all associated negatively with higher score of SDQ at 5 years of age (Table III) . Additional adjustment to interviewers neither showed association nor changed the findings.
Discussion
We report the linear relationship between FM or FFM at birth and during early infancy, with the mental health status of children at 5 years of age. FM at birth was positively and FFM was September 2018
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negatively associated with SDQ score and rates of postnatal FM or FFM accretion showed no association with SDQ score. Maternal BMI showed a positive association with the SDQ score.
FFM tissue measured at birth showed a negative association with the SDQ score and internalizing problems at 5 years of age. In our previous report from the same cohort, FFM tissue at birth was associated positively with growth and cognitive development of children from 1 to 5 years of age. 39, 40 Based on the current and previous findings from this cohort, 31, 32, 39, 40 FFM tissue during fetal life consistently predicted better linear growth, cognitive, and mental health outcomes of children. FFM accretion during fetal life may reflect the quality of intrauterine growth and maturation of the brain and nervous systems, both of which could have contributed to the cognitive, emotional, and behavioral development of children early in life. 14, 15 Fetal FM tissue accretion measured at birth showed a positive association with the SDQ score and externalizing problem 
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Volume 200 score at 5 years of age. One previous study also reported a positive association between adiposity and higher SDQ score during early childhood, 27 and a greater risk of mental illness during adulthood. 27 Other studies have reported the birth weight and BMI of children to be positively associated with the SDQ score of children. 24, 41 Among Australian children, obesity at 4 and 5 years of age was associated with a higher rate of poor peer relationships and teacher-reported emotional problems of children at 8-9 years of age. 41 Another longitudinal study reported BMI during early childhood was associated with later internalizing problem starting from the first grade of schooling, but not among preschool children. 42 Although there is a need for additional studies with a precise measure of BC, there is growing evidence that FM accretion and its proxy anthropometric indicators during early infancy and childhood predict risk of poorer mental health outcomes in later life. Despite the lack of studies investigating potential underlying mechanisms, one hypothesis is that poor maternal nutritional status during pregnancy might interfere with fetal growth, resulting in increased adiposity at birth, 25, 26 which may then contribute to poorer mental health outcomes at later ages. 14, 15 Standardized rates of FM or FFM accretion during early infancy showed no association with the SDQ score at 5 years of age. The observation that fetal rather than postnatal BC growth predicted the mental health status of children may relate to the critical stages of brain development that occur during fetal life, including the formation of neurons, neural tube structures, the central and peripheral nervous systems, and the development of most of the cortical regions of the brain. Our data, however, do not reveal any mechanisms that might explain the association of fetal but not infant tissue accretion with childhood mental health outcomes, although we suggest that prenatal FFM accretion may represent a proxy for optimal neurobehavioral growth and development, and prenatal FM accretion indicates constraint of investment in neurobehavioral development at this critical period. Further work on this issue may improve our understanding of how environmental factors impact fetal programming of later health and disease. 44 Previous studies have reported higher maternal BMI during pregnancy 16, 23 as well as low or high weight at birth 24, 45 to be predictors of emotional and behavioral problem of children during early life. Our results further clarified this issue. When maternal BMI at birth was included as a main exposure instead of BC in this study, higher maternal BMI showed a positive association with the SDQ score. However, when the model was adjusted for FM or FFM at birth, the association disappeared. Furthermore, when birthweight replaced the main exposures (FM and FFM), it showed no association with the SDQ score. Our findings, therefore, support measuring BC precisely to identify specific predictors of childhood mental health. In addition, the relationship initially observed between maternal BMI during pregnancy and weight at birth with the SDQ score may be mediated by FM or FFM at birth.
43
Female sex, child living with biological parent, higher family wealth index, greater maternal age, and higher paternal education were found to be protective factors for higher SDQ score of children at 5 years of age. Because several of these are modifiable factors, they are important for designing potential interventions to improve childhood mental health.
One of the main strengths of this study is the longitudinal assessment of BC using an air displacement plethysmography method in a relatively large sample. Air displacement plethysmography is an accurate and precise measure of BC assessment method. The other strength of this study is that the exposure variables were measured at birth and during early infancy before the outcome was determined. One of the challenges in previous studies in examining the relation between proxy indicators of FM (adiposity, BMI, or obesity) and mental health of children was the potential for reverse causality, in that some case-control or cross-sectional studies did not measure the outcome before the exposure. Internal reliability coefficient (Cronbach alpha) was 0.71 for SDQ score, which is within the acceptable range for reliability test.
Our study did have several limitations. We were not able to adjust for several determinants of mental health outcomes, including breastfeeding status and dietary intake, over the 5-year follow-up period. Loss to follow-up was moderate. The psychosocial aspects of the father, including substance use and depression, were not measured. Assessment at a later childhood age might also be of interest. Parental report is also a widely used way of generating data from infant and young children with a greater degree of agreement with self-report or teacher report of the problem. 46 Despite all these limitations, our finding provides new insight as to how growth and BC during fetal and infant life may relate to the mental health outcomes of young children. However, it is difficult to know the clinical significance of our findings because of the unclear relationship between the SDQ scores and clinical outcomes, especially in low-and middle-income countries.
In conclusion, fetal rather than infant FM and FFM, were associated with mental health outcomes of children at 5 years of age. FM at birth predicted a higher and FFM a lower SDQ score. More studies on how early life BC affect mental health status of children are needed. ■
